Intake and excretory patterns, N and mineral balance, rumen fluid characteristics and acid-base status were measured for 15 days in five nonfistulated and six rumen-fistulated wethers. The animals were placed in metabolism crates and fed alfalfa hay from day 1 through 5, a 65% concentrate diet from day 6 through 10 and an 85% concentration diet from days 11 through 15. All diets were pelleted and fed ad libitum. Blood samples were taken via cannula from the jugular vein of nonfistulated wethers on days 5, 6, 10, 11 and 15, and from fistulated wethers on days 5 through 15. Rumen fluid turnover was determined in fistulated wethers on days 5, 10 and 15; rumen fluid samples were taken on days 5 through 15. There were no significant differences between nonfistulated and fistulated wethers in any balance data or blood characteristics except plasma alkaline phosphatase activity. Increased concentrate intake caused (P<.05) the following: decreased daily dry matter intake; decreased urine volume; increased urine Ca, Mg and P excretion; decreased Ca and Mg retention, including negative Ca balance during the 65% concentrate diet feeding period; decreased blood hematocrit, HCO3-, plasma L-lactate and Ca concentration; increased plasma P and Mg concentrations; increased rumen fluid L-lactate concentration and decreased rumen fluid volume and turnover. Rumen fluid D-lactate concentration was not significantly altered, but rumen fluid turnover decreased (P<.05)with increased concentrate intake. Transient increases in rumen fluid Ca concentration and turnover occurred with increased concentrate intake. N retention was not affected by diet change. Plasma alkaline phosphatase activity was not affected either, except for an increase in activity in nonfistulated lambs on day 15. These data show that, although acute acidosis or wide fluctuation in dry matter intake did not occur, mineral metabolism and acid-base status were substantially affected by increased concentrate intake.
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Introduction
Although adaptation of ruminants to high concentrate diets and associated digestive disturbances have been shown to center around changes in rumen microbial fermentation (Allison et al., 1964; Dunlop, 1972; Slyter, 1976) , metabolic changes also occur in the animal during adaptation. In cases of experimentally induced acidosis, changes in blood acidbase status, hematocrit (Ht), plasma concentration of D-or L-lactate and minerals (Dunlop and Hammond, 1965; Telle and Preston, 1971) and related changes in gut motility and renal hemodynamics (Stacy and Wilson, 1970; Huber, 1976) have been observed. Some of 1376 these effects also were observed in lambs that voluntarily consumed enough grain either to become acutely acidotic or to show less severe signs of digestive disturbance (Huntington and Britton, 1979) .
We conducted the experiment reported herein in an effort to find ways to facilitate adaptation of cattle and sheep to high concentrate diets. Objectives of this experiment were (1) to study metabolic responses of wethers as they are changed from low to high concentrate diets, and (2) to describe and correlate more completely previously reported responses to such a dietary change. Criteria measured included (1) N, Ca, Mg and P balance; (2) intake and excretory patterns; (3) rumen fluid characteristics and (4) blood acid-base status. Diets and feeding protocol were similar to those used in other studies involving adaptation to high concentrate diets Britton, 1978, 1979; Huntington et al., 1980) .
Experimental Procedure
Six crossbred fistulated wethers (average weight 48.9 kg) and five crossbred nonfistulated wether lambs (average weight 33~3 kg) were maintained on a diet of alfalfa hay (IFN 1-00-051) for about 8 weeks before the experiment began. Pelleted alfalfa hay was fed during the last week of this period; all subsequent diets were pelleted (6.35 mm in diameter). Diets and water were available ad libitum. During the experiment, the wethers were housed under continuous fluorescent lighting, with room temperature maintained at about 22 C. The wethers were fed alfalfa hay from day 1 through 5, a 65% concentrate diet from day 6 through 10 and an 85% concentrate diet from day 11 through 15. The 85% concentrate diet consisted of (percentages of dry matter): 10% alfalfa hay (IFN 1-00-059); 77.9% ground corn (IFN 4-02-931 ); 5.0% soybean meal (IFN 5-04-604); 1.4% minerals and vitamins ADE and 5.7% pellet binder (lignin sulfonate). The 65% concentrate diet was prepared by mixing appropriate amounts of alfalfa hay and 85% concentrate pellets. Nutrient compositions of the diets are shown in table 1.
For feces and urine collections, the wethers were placed in .76 m x .97 m individual metal metabolism crates and fitted with canvas fecal bags and harnesses. The fecal bags were lined with plastic bags to facilitate collection. Urine was collected each day in plastic buckets con- Cpercentage of dry matter.
taining 50 ml of 2N HC1. Feces from each lamb were weighed daily, and an aliquot was retained and frozen. Daily urine volume was measured, the urine diluted to a constant volume with distilled, deionized water and an aliquot retained and frozen. Jugular vein blood samples were taken via catheter (or in a few cases, vein puncture) on days 5, 6, 10, 11 and 15, from nonfistulated wethers, and on days 5 through 15, from fistulated wethers. Samples were taken on days 5 and 10 before diets were changed. Blood was drawn into heparinized syringes, placed in ice and forthwith analyzed for pCO2 and pH with a Corning Model 161 blood gas analyzer. Another portion of blood was placed in heparinized plastic tubes. Hematocrit was determined on an aliquot by centrifugation in capillary tubes. Each sample was then centrifuged at 5 C, and plasma was recovered and frozen for later analysis. Blood sampling protocol differed between nonfistulated and fistulated sheep, because we wanted to monitor serum concentrations of various metabolites and at the same time minimize disturbance of feed intake in at least some of the sheep in the experiment.
Rumen fluid samples were taken from fistulated wethers on days 5 through 15. About 100 ml were withdrawn with a suction strainer, placed in plastic containers with .5 ml 5% (w/v) HgC12 and frozen. On days 5, 10 and 15, about 20 g of polyethylene glycol (PEG) in 250 ml aqueous solution were infused intraruminally into fistulated wethers, and rumen fluid sam-ples were taken 1, 2, 4 and 6 hr postinfusion and stored as described above.
Fecal samples were thawed, dried in a forced-air oven at 65 C for 24 hr, and ground through a 1-mm screen. Feed samples were ground similarly. Dry matter of feed and fecal samples was determined gravimetrically after 24 hr at 95 C. Kjeldahl N content of feed, fecal and urine samples was determined. Feed and feces samples (2 g) were ashed at 600 C for 6 hours. The ash was then dissolved in 10 ml of 6N HCI, heated to boiling, filtered through #54 Whatman p~per and brought to 50 ml with water. Ca and Mg contents of these filtrates and urine and plasma samples were determined by atomic absorption spectroscopy in the presence of .5% (w/v) La to prevent P interference. P content of the samples was determined by an automated, colorimetric procedure (Kessler, 1970) .
L-and D-lactate concentrations in plasma, urine and rumen fluid were determined by automated enzymatic procedures (Goodall and Byers, 1978) . Rumen fluid was deproteinated with 5% (w/v, final concentration) metaphosphoric acid, and plasma with 10% (w/v, final concentration) trichloroacetic acid. Standards were similarly prepared with the respective acids. Rumen fluid volume and turnover were calculated from the PEG concentrations in rumen fluid by procedures described by Ulyatt (1964) . Alkaline phosphatase activity in plasma was determined by an automated colorimetric procedure (Kessler, 1970) .
Data were analyzed by the General Linear Model procedure of the Statistical Analysis System (SAS 7) computer program, with initial body weight u~,ed as a covariate.
Results and Discussion
One of the nonfistulated wethers refused to eat the 85% concentrate diet, so the data for that animal for the last 5 days of the experiment were deleted. The night before each PEG infusion, one of the fistulated wethers -a different one in each case -lost the fistula plug and, consequently, a portion of his rumen contents. Urine collected for that day was retained, but mineral and N analyses indicated substantial contamination; therefore, those urine data 7Statistical Analysis Systems, Inc., Box 10066, Raleigh, NC 27605. and data pertaining to PEG infusion were omitted from statistical analyses.
After adjustment for initial weight by covariance and for missing values by the leastsquares SAS procedure, there were no differences (P>.05) between fistulated and nonfistulated wethers in any common criterion measured except plasma alkaline phosphatase activity. All intake, excretion and balance data are therefore presented for nonfistulated and fistulated wethers. Lack of statistical differences indicates that acceptable mineral and N balance dat~ can be obtained from fistulated wethers.
Daily urine volume decreased (P<.05) by about 50% after the wethers were changed to the 65 and 85% concentrate diets (table 2), reflecting effects of dietary concentrate level and alteration of acid-base status on renal hemodynamics and reabsorption function. Figure 1 shows that this effect was most pronounced during the first 2 days after the change to the 65% concentrate diet. This was followed by a gradual recovery, which was followed by a slight depression after the change from the 65 to the 85% concentrate diet. Sheep switched from roughage to 80% concentrate diets excreted less urine and drank less water when fed concentrate diets than when fed roughage diets. Rumen-fistulated sheep force-fed 1,200 g of corn and 400 g of hay daily developed anuria after 3 to 5 days (Giesecke et al., 1976) . Water consumption was not measured in our experiment; however, blood Ht values (tables 3 and 4) do not indicate dehydration, but rather the converse. Concurrent with the initial decrease in urine volume after the change to the 65% concentrate diet was a transient increase in urine L-lactate excretion (figure 1), a 6.8-fold increase in urine Ca tion (figure 1), a 6.8-fold increase in urine Ca excretion (table 2) and a 2.1-fold increase in values observed during the hay feeding period. These changes suggest that renal hemodynamics were temporarily affected. Huber (1969) showed that acute lactic acidosis in sheep caused by intravenous infusion of lactic acid reduced renal blood flow and, to a lesser extent, glomerular filtration rate. Plasma Ca and HCO3-also fell during the first few clays of concentrate feeding in both fistulated (table 3)and nonfistulated (table 4) wethers.
Serum Ca concentrations in feedlot steers fell from 11.4 to 9.5 mg/dl over a period of 30 days after the steers were changed from a hay to a high concentrate diet, then gradually increased to 10.5 mg/dl during the remaining days of the experiment (Bide et al., 1973) . Other workers have reported decreases in serum Ca in sheep in response to acute or subacute acidosis (Telle and Preston, 1971; Huntington and Britton, 1979) or increased concentrate intake (Luthman and Persson, 1977; Jones and Luthman, 1978) . Studies with 47Ca (Jones and Luthman, 1978) indicate that reduced gut absorption does not cause hypocalcemia under these conditions. Similar effects on serum Ca resulted from intravenous infusion of sheep with a solution of lactate and phosphate (Terashima et al., 1978a) . The possibility that similar effects may result from chronic, subacute acidosis is implied by the low serum Ca concentrations in lambs after about 100 days of eating 92% concentrate diets (Huntington et al., 1977) . Changes in renal hemodynamics caused by intravenous infusion of lactic acid (Huber, 1969) or HCI (Stacy and Wilson, 1970) , and changes in rumen fluid Ca concentrations and urinary Ca excretion caused by ruminal infusion of glucose (Irwin et al., 1979) or by intravenous lactic acid infusion (Morrow et al., 1973; Terashima et al., 1978b) , suggest that alteration of acid-base status by means other than ad libiturn intake of high concentrate diets causes responses similar to those observed in our experiment. Considered by diet (table 2) or by day (figure 2) , fecal Ca excretion exceeded intake, resulting in negative Ca balance during days 6 through 9 and for the 65% concentrate diet period overall. The increased urinary Ca output, albeit dramatic, did not make a significant quantitative contribution to the overall negative Ca balance. However, during days 10 through 15 (figure 2), the wethers regained at least zero Ca balance. The slightly positive mean for the 85% concentrate diet feeding period (table 2) was not significantly different from zero, but the wethers retained more (P<.01) Ca during the 85% concentrate diet period than during the 65% concentrate feeding period. Results in apparent retention of Ca and other nutrients are subject to error caused by transit time of digesta in the gut, because there were no intervals between dietary changes and fecal collections.
Urinary excretion of Mg and P increased (P<.01) and fecal excretion of these two minerals decreased (P<.01) as concentrate intake increased (table 2) . These data agree with those of Terashima and Itoh (1975) and , who found that retention of Ca, Mg and P increased in sheep switched from low to high concentrate diets. The adaptation and collection periods that those authors used were longer than ours, and their data probably more accurately reflect the long-term effect on mineral retention of such a diet change. Daily Mg and P balances (figures 3 and 4) indicate that negative balance of these minerals occurred only on day 6, the first day of the 65% concentrate diet feeding period. Urinary P excretion increased about twofold between days 10 and 11, concurrent with the change from the 65 to the 85% concentrate diet, then remained constant during the last 5 days (figure 4) . Terashima et al. (1978a) and changes in Ca metabolism previously discussed agree with changes in mineral status associated with the occurrence of phosphatic urinary calculi (Bushman et al., 1965a,b; Hoar et al., 1969) . Our data, along with those of Yano and Kawashima (1976) and Nokata et al. (1977) , suggest that such dietary effects may play a role in the etiology of that disease. Intake of N and minerals decreased concurrently with the decrease in dry matter (table 2). Dietary concentrations of the nutrients in the three diets were similar (table 1), except for a slight decrease in Ca in the 65 and 85% concentrate diets. However, if availability of Ca in the alfalfa hay was less than in the concentrate diets (Ward et al., 1979) , differences in available Ca among diets were not as great as differences in total Ca.
Average dry matter intake declined steadily from 2,019 g on day 5 to a minimum of 1,084 g on day 13, then increased to 1,160 and 1,128 g on days 14 and 15, respectively. Since an abrupt decrease in intake may be an indicator of digestive disturbances associated with acidosis, these data indicate that severe disturbances did not occur. Percentage of dry matter apparently digested increased (P<.05) from 43.9 to 74.5% in response to the diet changes, but dry matter apparently digested (grams per day) and N retained were not affected (table 2) . N intake decreased and fecal and urinary N excretion decreased (P<.01) as dietary concentrate level increased (table 2, figure 5). Percentage of feces as dry matter was not significantly affected by concentrate level. Mean + SEM fecal dry matter was 29 + 2%.
Rumen fluid volume and turnover decreased linearly (P<.05) during the experiment (table  5) . Rumen fluid Ca turnover exhibited a quadratic (P<.05) response, increasing by about 50% from day 5 to 10, then decreasing to less than the day-5 rate by day 15. Increased solubility of Ca in rumen fluid due to decreased pH (Terashima et al., 1976; Irwin et al., 1979) may account for the increased turnover from day 5 to 10, and decreased fluid turnover ostensibly caused a reduction in turnover by day 15. Linear, quadratic and cubic responses (P<.05) in rumen fluid Ca concentration (table 3) reflected transient increases in concentration after each increase in dietary concentrate level. Increased turnover of rumen fluid Ca coincided with the increased rumen fluid concentration, the transient increase in fecal excretion (figure 2) and the negative Ca balance observed during the 65% concentrate diet feeding period.
A slight, nonsignificant increase in L-lactate turnover (table 5) (table 3) was due to the decrease in concentration on days 6 and 7 versus day 5, and the lowest and highest concentrations were observed on days 8 and 9, respectively. This abrupt increase in concentration indicates that the rumen microbial population and fermentation products fluctuated during the 65% concentrate feeding period. Byers and Goodall (1979) found that rumen L-lactate turnover in sheep increased 1.5 times as dietary concentrate level increased from 55 to 95%, but that D-lactate turnover increased only slightly. Simultaneous infusion of D, Llactic acid and PEG (Koers et al., 1976) showed that total lactate and PEG have distinctly different rumen disappearance rates.
At times of increased rumen L-lactate accumulation, there is probably an increase in L-lactate passage from the rumen, which was reflected in this experiment by the abrupt decrease in blood HCO3-and increase in urinary L-lactate excretion that occurred after the switch to the 65% concentrate diet. Urinary Dlactate concentration was below the detection limits of the assay. Giesecke et al. (1976) found no D-lactate in urine of sheep that were overfed with starch and developed rumen fluid concentrations in excess of 70 mM. Subsequent data from the same workers Stangassinger, 1978, 1979) indicate that systemic D-[14C]-lactate is metabolized to glucose and CO2 by sheep, goats and cows, and that the rate of metabolism increases with increased plasma D-lactate concentration. Portal absorption rates measured in lambs fed the same hay and 85% concentrate diets as the wethers in the present study (Huntington et al., 1980) showed that L-lactate absorption increased (P<.05) 1.6 times after the change from the hay to the 85% concentrate diet, but that D-lactate absorption was not significantly affected by the same diet change.
Rumen fluid D-lactate concentration was higher than L-lactate concentration throughout this experiment, except on day 15 (table 3) , and total lactate concentration was several times higher than concentrations reported by Huntington and Britton (1979) and Byers and Goodall (1979) for sheep fed similar concentrate levels and by Rumsey (1978) for steers fed all-concentrate diets. Turnover rates of both isomers, particularly D-lactate, are faster than those calculated from lactate infusions by Byers and Goodall (1979) . Reasons for the higher lactate concentrations and faster turnover rates are not clear; one difference between our study and those cited is that the sheep in our trial were fed pelleted diets containing lignin sulfonate as a pellet binder. Phenolic compounds apparently derived from the binder were present in the rumen fluid and urine samples in sufficient quantity to preclude total lactate assay by the method of Barker and Summerson (1941) and to cause absorption at 340 nm, the wavelength used in the colorimetric L-and Dlactate assays. However, we are not aware of other published data that indicate an association between phenolic compounds and tureen lactate metabolism.
The decreases in blood Ht seen in both nonfistulated (table 4) and fistulated (table 3) wethers over the course of the experiment are similar to Ht changes reported in lambs abruptly switched from hay to an all-concentrate diet (Huntington et al., 1980) , but are at variance with other data which show an increase in Ht coincident with acute acidosis (Telle and Preston, 1971; Dunlop, 1972; Huntington and Britton, 1979) . Neither the wethers in our experiment nor lambs in the experiment of Huntington et al. (1980) were acutely acidotic, and the difference in Ht data may be due to the presence (or absence) of acute acidosis.
Plasma alkaline phosphatase activity in the adult, fistulated wethers did not change during the experiment (table 3) ; activity in nonfistulated wether lambs likewise remained fairly constant until day 10, then increased (P<.05) by about 250% by day 15, indicating changes in bone metabolism. Because no blood samples were taken from nonfistulated lambs between days 10 and 15, it is not certain when the increase in enzyme activity occurred. The reason for the difference in enzyme activity between nonfistulated and fistulated wethers is not clear; a factor possibly related was the difference in maturity (age). The fistulated wethers were at least 2 years old, while the nonfistulated lambs were about 8 months old.
Plasma L-lactate concentration decreased linearly (P<.05) from day 5 to day 15 (tables 3 and 4). The cubic (P<.05) effect observed for nonfistulated lambs was due to an increase in plasma L-lactate concentrations on day 6 (table 4) followed by a decrease to less than day-5 concentrations by day 10. Increased L-lactate absorption and turnover were observed during a period of 4 weeks in lambs fed similar diets (Huntington et al., 1980) . Plasma samples were inadvertently discarded before D-lactate analyses were completed, but initial analyses indicated that plasma D-lactate concentration was equal to or greater than the corresponding Llactate concentration. Such a plasma D-lactate concentration would be higher than those reported by Huntington and Britton (1979) for sheep fed similar diets or by Rumsey (1978) for steers fed all-concentrate diets. However, approximately equimolar concentrations of the isomers were found in plasma of lambs fed the same hay diet for several months (Huntington et al., 1980) . It is possible that a dietary factor such as pelleting or lignin sulfonate may have been responsible for altered D-lactate metabolism in wethers in this experiment.
We conclude from data from this experiment that mineral balance and metabolism, particularly of Ca, are affected during the first few days of increased concentrate intake. Changes in urine output, blood acid-base status and rumen fluid volume and turnover are related alterations that reflect digestive tract and other metabolic responses to the diet change, i.e., an increase in assault on acid-base balance.
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